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Abstract
Objectives: To evaluate the changes in the prevalence of dental caries in Lagos State over a 3 years period and the 
role of age, sex, and playing in the changes observed.
Materials and Methods: Three primary schools in Lagos State, Nigeria were randomly selected for the study. Six hundred 
and thirty-three children age 2-12 years, were examined for caries in 2000 while 513 children were examined in 2003. 
The prevalence of tooth decay and the prevalence of untreated tooth decay were calculated for the two years, that is, 
2000 and 2003. Also the degree of unmet treatment need among the population with caries experience was measured. 
Differences in the prevalence and severity of dental caries in the primary and permanent dentition were assessed.
Results: Approximately 18% of children had untreated tooth decay in their primary dentition in 2003: A 26.1% increase 
from 2000. About 12.0% of the decay, extracted, and filled teeth (deft) index was seen with decayed teeth in 2000 
and 16.6% in 2003. Extracted primary teeth decreased from 2.5% in 2000 to 1.5% in 2003. The change in mean deft 
between 2000 (0.42) and 2003 (0.47) was 11.9%. Over the study period, the overall reduction in the prevalence of 
dental caries was 34.8% in the permanent dentition. The decline was larger among children aged 5-9 years (62.1%) 
and among females (75%).
Conclusion: The study showed no overall changes in caries severity but a decrease in caries prevalence in the permanent 
dentition over the study period. The largest decline in caries prevalence in the permanent dentition was observed in children 
aged 5-9 years and females. On the contrary, there was an increase in the caries prevalence in the primary dentition.
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Introduction
Dental caries is an ecological disease in which the host, 
diet, and oral microbial flora interact over a period of time 
in such a way as to encourage demineralization of the tooth 
enamel with resultant cavity formation. Dental caries is 
still one of the most common diseases in the world today. 
Worldwide, most children and an estimated 90% of adults 
have experienced caries, with the disease most prevalent in 
the Middle East, Latin America, and South Asia.[1] In the 
United States, dental caries is the most common chronic 
childhood disease, being at least five times more common 
than asthma.[2]
The occurrence of dental caries has decreased in some 
developed countries[3‑6] and this decline has been attributed 
to improvement in oral hygiene practices and the use of 
fluoride in oral dental care.[7,8] Nonetheless, countries that 
have experienced an overall decrease in cases of tooth 
decay continue to have a disparity in the distribution of 
the disease.[9] Among children in the United States and 
Europe, 20% of the population endures 60‑80% of cases 
of dental caries.[10] A similarly skewed distribution of the 
disease is found throughout the world including countries 
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like Australia, Nepal, and Sweden where caries prevalence 
among children is low, while Costa Rica and Slovakia have 
higher prevalence rates.[10]
While evidence show that the caries prevalence is low 
in many African countries[1,11,12] like Nigeria,[13] there are 
however, very few publications on national caries prevalence 
in Nigeria with no national study on caries incidence. The 
only national study on the caries in children in Nigeria was 
conducted in 1995. The survey showed that 30% and 43% of 
12 and 15‑year‑old children had caries.[14] Other publications 
on caries prevalence in Nigeria are limited to specific towns 
and cities and reported prevalence ranging from 13.5‑35.5% 
between 2004 and 2011.[15‑18] A recent publication by Folayan 
et al.,[19] also showed that the incidence for caries was 9.9% in 
a population of primary school children with caries incidence 
higher in primary teeth than in the permanent dentition. 
Understanding caries pattern, its epidemiology and how 
the epidemiologic profile changes over time‑is important 
because caries is the primary pathological cause of tooth loss 
in children in many African countries including Nigeria.[20,21] 
Also, an understanding of the caries profile, that is, where 
new caries emerges, can be useful in proper planning for 
the utilization of scarce resources. It will also help maximize 
the potential outcome of resources available for preventive 
programs, including oral health prevention programs.
This study shall specifically evaluate changes in the 
prevalence of dental caries in Lagos State over a 3‑year 
period. Lagos State is a densely populated cosmopolitan 
city and the present economic nerve center of Nigeria. Past 
studies have shown that the prevalence of caries in children 
in Lagos State is generally higher than that observable in 
other locations in the Southwestern region of Nigeria; 
despite the similarity in culture and diet.[12,17] A prior study 
on dental caries in the region showed that socioeconomic 
status does not play a significant role in the etiology of caries: 
Significant caries risk factors were sex and age.[22] This study 
therefore evaluated for the role of age and sex in the changes 
in caries prevalence for children resident in Lagos State.
Materials and Methods
Study design and sampling technique
Three primary schools in Lagos State, Nigeria were randomly 
selected for this study. Public and private schools listed on 
the Lagos State Ministry of Education school registration 
list for year 2000 were all considered eligible for inclusion 
in the study. The schools were stratified into public and 
private schools. One school was randomly selected from 
the private school strata and two schools from the public 
school strata. The ratio of 1:2 for public: Private school 
selection was based on the ratio of school representation in 
the school registration list. All the students in the selected 
schools were enlisted to be included in the study sample.
Ethics
Prior to data collection, ethical clearance was obtained 
from the ethics board in Lagos University Teaching Hospital 
and permission obtained from the Lagos State School 
Management Board. Detailed information about the study 
was sent to the parents of children. Only children whose 
parents refused their child to participate in the study were 
excluded from the study. No such refusal was obtained. Also, 
children were informed about the objective of the study, the 
scope of the study, and the freedom not to participate in the 
study prior to data collection.
Data collection
Only children who were present on the proposed date of 
school visit were included in the study sample for years 2000 
and 2003. Over the study period, oral health information 
was collected through face‑to‑face interviews by a trained 
interviewer in participants’ school after examination. Data 
collected included sex and age as at last birthday. The age 
for each child was calculated in years.
Dental examination was conducted by a trained dentist in 
the school premise under natural light. Caries status was 
assessed using the decayed, missing, and filled permanent 
teeth deft/DMFT index. The interviewer specifically 
tried to verify cause of missing teeth for any child with a 
missing tooth. Specific questions asked included history 
of toothache, visit to the dentist, extraction of teeth 
at the dentist, and recall of tooth exfoliation. Where a 
history points to the cause of a missing tooth being due to 
extraction as a sequelae to caries, the tooth is then charted 
as extracted (e) for the deciduous dentition or missing (M) 
for the permanent dentition.
After the conclusion of each child’s oral examination, 
referrals for oral health care were written for all pupils who 
required dental treatment. At the end of the exercise, oral 
health education was provided for the students in each class. 
The education included brief discussions on the cause of 
dental caries, appropriate methodology for oral hygiene, and 
importance of dental visits for preventive oral health care.
Reliability of examinations
A single dental examiner was involved in the study. 
The intrarater reliability were measured by comparing 
examination findings during repeated examinations. Both 
percent agreement and Cohen’s Kappa[23,24] were calculated 
from paired observations for the years 2000 and 2003. Kappa 
value was 0.94 for year 2000 and 0.97 for year 2003.
Diagnostic criteria
The WHO criteria was used for the diagnosis of dental 
caries and its sequelae (missing teeth (due to disease) and 
filled teeth). The intraoral examination was conducted 
under natural light. Radiographs were not used in the study. 
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Gross debris was cleared with gauze where necessary, before 
examination of each tooth. Tooth surfaces were examined 
using a non‑magnifying mirror and a No. 23 dental explorer 
to assess for presence of carious and restored (filled) lesions.
Tooth‑specific data points were used to calculate measures 
of caries prevalence and severity. Lowercase letters represent 
scores for primary teeth and uppercase letters represent 
permanent teeth.
Two measures of prevalence were calculated: The prevalence 
of tooth decay (caries experience; which includes untreated, 
extracted, and restored lesions) and the prevalence of 
untreated tooth decay. Indices used for severity of disease 
were the number of decayed, extracted, and filled primary 
teeth (deft) and the number of DMFT.[25‑27] The missing (m) 
component was not included in the calculation of indices 
for primary teeth. These criteria have been used in previous 
surveys of dental caries to avoid misclassifying missing 
primary teeth that are normally exfoliated and permanent 
teeth that were extracted for reasons other than dental 
caries. However, efforts were made to replace this with the 
extracted (e) component where the child could explain that 
the missing tooth was due to extraction.
In addition; the ratio of deft to the total number of deft 
among those who had experienced dental caries was 
calculated. This measure can be used to estimate the degree 
of unmet treatment need among the subset of the population 
with caries experience.
Data management and analysis methods
The data analysis for this study was done in line with 
the methods used by Beltrán‑Aguilar et al.,[28] The 
age categories used correspond generally to the age 
categorization used by the 2006 Lagos State Census 
Population Report (0‑4 years, 5‑9 years, 10‑14 years). 
The target population for the oral examination fell within 
2‑12 years.
To minimize the impact of differences in age and sex 
distribution between the two surveys, all estimates were 
adjusted for age and sex. Adjustments were made based on 
the Lagos State population estimates derived from the 2006 
National Census figures. Sex data were adjusted by age.
Statistical analyses were conducted using StataIC 
10 (StataCorp, USA). All analyses used sample weights 
to account for the unequal probability of selection and 
nonresponse to produce national estimates and standard 
errors. In this report, differences between the 2000 and 
2003 estimates were considered significant if the confidence 
intervals of the estimates did not overlap.
The study presented data for dental caries in the primary 
teeth (defined as having one or more decayed, filled, or 
missing teeth among those with at least one primary tooth) 
and dental caries in the permanent teeth among children 
aged 5‑12 years (defined as having one or more decayed, 
filled, or missing teeth among those with at least one 
permanent tooth). For comparison purposes, all tables and 
figures display data for the 2000 and the 2003 surveys. The 
tables contained both the overall and the disaggregated (by 
age and sex) estimates.
Results
Demographic profile of study participants
Six hundred and thirty‑three children were examined 
in 2000 while 513 children were examined in 2003. In 
both years, there was adequate representation of both 
sexes [Table 1]. Over the study period however, only 192 
school children who were examined in 2000 were examined 
again in 2003. A large number of students had passed out of 
the school and a few others had changed school.
Dental caries in primary teeth
Among children aged 2‑12 years, 17.9% had caries 
experience in their teeth in 2000 and 20.4% had in 2003. 
This change was higher among female though the sex 
difference was not significant. Also, a significant decrease in 
dental caries prevalence in children aged 2‑4 years (100%) 
and age 10‑12 years (46.5%) between years 2000 and 2003 
was also observed [Table 2].
Approximately 18% of children had untreated tooth decay in 
2003: An increase from 2000. There was a significant increase 
in the prevalence of untreated decay between years 2000 and 
2003 (26.1%). Significant age and gender differences were 
noticed in the prevalence of untreated dental caries [Table 3].
The change in mean deft among the study population 
between 2000 and 2003 was 11.9%. Between 2000 and 
2003, there was a significant decrease in deft for children 
aged 10‑12 years, and a significant increase in deft for 
females. Significant age and gender differences were 
observed [Table 4].
Table 1: Number of children aged 2-12 years who had 
completed the oral health examination
Characteristics 2000 2003
No Total weight No Total weight
Age (years)
2-4 181 7,061 1 39
5-9 417 13,530 457 14,828
10-12 35 999 54 1,541
Sex
Female 318 15,995 255 12,826
Male 320 15,904 258 12,823
All estimates were adjusted by age to the 2006 Census population for 
Lagos state, Nigeria
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Among those with at least one decayed, extracted, or filled 
tooth (deft  >0), about 12.0% of the deft were decayed 
teeth (% dt/deft) in 2000 and 16.6% in 2003. On the other 
hand, the extracted teeth decreased from 2.5% in 2000 to 
1.5% in 2003 [Table 5].
Dental caries in permanent teeth of children
Among children and adolescents aged 5‑12 years, 2.3% 
had caries experience in their permanent teeth [Table 6]. 
Caries experience in permanent teeth was higher 
among males in both years though this sex difference 
was not significant. The overall absolute reduction in 
the prevalence of dental caries from 2000 to 2003 was 
34.8%; the decline was larger among children aged 
5‑9 years (62.1%) [Table 6].
Approximately 1.9% of children aged 5‑12 years had 
untreated tooth decay in their permanent teeth [Table 7]. 
A trend towards lower prevalence of untreated tooth 
decay was observed in 2003 compared with 2000. There 
were observed sex differences with males and children 
aged 5‑9 years having no untreated dental caries in the 
permanent teeth in 2003.
The mean DMFT among children aged 5‑12 years 
was 0.02 in both years. Absolute reductions were 
larger among females (75%) [Table 8]. Also, there 
was observed absolute reduction in the decayed teeth 
between 2000 and 2003 [Table 8]. Decay was the main 
significant contributor to the DMFT for this study 
population [Table 9].
Table 2: Prevalence of dental caries among children aged 2-12 years: 2000 and 2003
Characteristics 2000 2003 Difference in percentage Percentage change
Percentage SE Percentage SE
Age (years)
2-4 7.7 0.3 0 0 −7.7 −100.0
5-9 23.3 0.4 21.7 0.3 −1.6 −6.9
10-12 17.1 1.2 9.3 0.7 −7.8 −45.6
Sex
Female 19.0 0.4 21.8 0.5 +2.8 +14.7
Male 16.8 0.4 19.1 0.4 +2.3 +13.7
Total 17.9 0.3 20.4 0.3 +2.5 +14.0
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error
Table 3: Prevalence of untreated tooth decay among children aged 2-12 years: 2000 and 2003
Characteristics 2000 2003 Difference in percentage Percentage change
Percentage SE Percentage SE
2-4 7.2 0.3 0 0 0 0
5-9 18.2 0.3 19.0 0.3 +0.8 +4.4
10-12 8.6 0.9 7.4 0.7 −1.2 −14.0
Female 15.1 0.3 18.6 0.4 +3.5 +23.2
Male 13.2 0.3 17.2 0.4 +4.0 +30.3
Total 14.2 0.2 17.9 0.3 +3.7 +26.1
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error
Table 4: Mean number of decayed (dt); filled (ft); extracted (et); and decayed, extracted, and filled primary 
teeth (deft): 2000 and 2003
Characteristics 2000 2003 Difference 
in deft
Percentage 
change in deftdeft dt ft et deft dt ft et
No SE No SE No SE No SE No SE No SE No SE No SE
Age (years)
2-4 0.19 0.01 0.14 0.007 0.03 0.004 0.02 0.003 0.00 0.00 0.00 0.000 0.00 0.000 0.00 0.000 −0.19 −100
5-9 0.54 0.01 0.33 0.007 0.12 0.005 0.09 0.004 0.50 0.01 0.37 0.007 0.09 0.004 0.05 0.003 −0.04 −7.4
10-12 0.29 0.03 0.11 0.013 0.09 0.009 0.09 0.012 0.20 0.02 0.09 0.009 0.11 0.011 0.00 0.000 −0.09 −31.0
Sex
Female 0.45 0.01 0.28 0.01 0.08 0.01 0.09 0.004 0.56 0.02 0.42 0.01 0.10 0.01 0.10 0.005 +0.11 +24.4
Male 0.39 0.01 0.24 0.01 0.10 0.01 0.04 0.003 0.38 0.01 0.26 0.01 0.09 0.005 0.09 0.005 −0.01 −2.6
Total 0.42 0.008 0.26 0.01 0.09 0.004 0.07 0.002 0.47 0.009 0.34 0.007 0.09 0.004 0.05 0.002 +0.05 +11.9
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error
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Discussion
Data from this study suggests that there was a significant 
increase in the prevalence and severity of dental caries 
in primary teeth, a decrease in caries prevalence in the 
permanent dentition, and no change in severity of caries in 
the permanent teeth between 2000 and 2003.
Prior reports have noted low prevalence and severity of 
dental caries in Africa.[29] This study however showed 
that in the study population, the behavior of caries in the 
primary dentition differed from what may be observable in 
the permanent dentition. The increasing prevalence and 
severity in dental caries in the primary dentition should be 
a cause for concern as this may actually result in a future 
increase in the prevalence of caries in the permanent 
dentition after a certain threshold. Past study reports have 
shown the association between prevalence of caries in the 
primary dentition and that in the permanent dentition in 
the same individual.[30] While Li and Wang[30] may actually 
be reporting observations made at the individual level, such 
gradual changes may eventually peak to become of public 
health significance. A surveillance system to systematically 
monitor this potential public health risk may therefore be 
important for school children in Lagos State.
There were observable sex differences in the prevalence 
and severity of dental caries in this study population. While 
the DMFT decreased between 2000 and 2003 for both 
sexes, the deft however increased significantly between 
Table 5: Contribution of decayed (dt/deft), extracted (et/deft), and filled (ft/deft) teeth to the deft among children 














No SE No SE No SE No SE No SE No SE
Age (years)
2-4 6.28 0.28 1.18 0.12 0.28 0.04 0.00 0.00 0.00 0.00 0.00 0.00
5-9 15.28 0.29 4.41 0.16 3.57 0.14 17.95 0.35 3.03 0.13 1.67 0.08
10-14 6.86 0.76 6.29 0.74 4.00 0.56 4.01 0.41 5.25 0.49 0.00 0.00
Sex
Female 12.89 0.31 2.44 0.13 3.66 0.16 17.79 0.52 3.98 0.20 1.82 0.11
Male 11.02 0.29 4.43 0.19 1.38 0.09 15.43 0.39 2.50 0.15 1.20 0.10
Total 11.95 0.21 3.44 0.11 2.51 0.09 16.60 0.32 3.23 0.12 1.51 0.08
All estimates were adjusted by age to the 2006 census population for Lagos state, Nigeria, SE=Standard error
Table 6: Prevalence of dental caries in permanent teeth among children aged 5-12 years: 2000 and 2003
Characteristics 2000 2003 Difference in percentage Percentage change
Percentage SE Percentage SE
Age (years)
5-9 2.9 0.1 1.1 0.1 −1.8 −62.1
10-12 11.4 1.0 5.6 0.6 −5.8 −50.9
Sex
Female 2.3 0.1 1.5 0.1 −0.8 −34.8
Male 2.4 0.1 1.6 0.1 −0.8 −33.3
Total 2.3 0.1 1.5 0.1 −0.8 −34.8
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error
Table 7: Prevalence of untreated tooth decay in permanent teeth among children aged 5-12 years: 2000 and 2003
Characteristics 2000 2003 Difference in percentage Percentage change
Percentage SE Percentage SE
Age (years)
5-9 2.2 0.1 0 0 −2.2 −100.0
10-14 11.4 1.0 5.6 0.6 −5.8 −50.9
Sex
Female 2.0 0.1 1.1 0.1 −0.9 −45.0
Male 1.8 0.1 0 0 −1.8 −100.0
Total 1.9 0.1 0.5 0.1 −1.4 −73.7
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error
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2000 and 2003 for females. The reason for this observed 
differences in the percentage change in deft between the 
sexes cannot be readily explained. It will be important to 
study potential phenomenon that could have contributed 
to this observation.
There were also observable age differences in the prevalence 
of dental caries: The prevalence of untreated decayed teeth 
increased by 4.4% for children between the ages of 5‑9 years 
old but decreased by 11.4% for children between the ages of 
10‑12 years. The reason for this observation can however, 
not be readily deduced.
The study also showed the high level of unmet dental 
treatment need for the primary dentition. Untreated 
decayed teeth were 12% of the deft in 2003. This increased 
to 16.6% in 2003. There was a corresponding nonsignificant 
decline in the percentage of the filled primary teeth over the 
study period (3.4 vs 3.2%). This is unlike what was observed 
in the permanent dentition: A decrease in the untreated 
decayed teeth between 2000 and 2003 (1.9 vs 0.5%), an 
increase in the filled teeth (0.3 vs 0.8%), and an increase 
in missing teeth (0.0 vs 0.2%). This observation may be 
a reflection of the possible poor attention being given to 
the health of the primary dentition despite the potential 
unpleasant sequelae associated with dental caries. This is 
an issue that should be focused on in oral health education 
for mothers and caregivers.
While this study may have contributed to better 
understanding of the role played by age and to a lesser 
extent sex, in the changes in prevalence of dental caries 
in both the primary and permanent dentition, it does 
have its limitations. Efforts were made to ensure that the 
‘e’ and the ‘M’ component of the caries indices actually 
represent tooth lost due to caries, yet the method used to 
capture this data depended on study participant’s recall and 
deductive assessments by the examiners. This may very well 
introduce bias into the data and a possible overestimation or 
underestimation of that piece of information. Despite this 
potential, this study limitation cannot undermine the 
contributory value of this study outcome for use in the 
planning of dental caries management for school children 
in Lagos State.
In addition, the Restorative Index and the DMFT% were not 
calculated. The Restorative index is a good measure of the 
level of restorative care in a community and may be deduced 
Table 8: Mean number of decayed, filled, missing and decayed, filled, and missing permanent teeth  among 
children aged 5-12 years: 2000 and 2003
Characteristics 2000 2003 Difference in 
DMFT
Percentage change 
in DMFTDMFT DT FT MT DMFT DT FT MT
No SE No SE No SE No SE No SE No SE No SE No SE
Age (years)
5-9 0.04 0.002 0.03 0.002 0.00 0.001 0.00 0.00 0.01 0.001 0.00 0.000 0.01 0.001 0.00 0.00 −0.03 −75.0
10-12 0.29 0.033 0.29 0.033 0.00 0.00 0.00 0.00 0.06 0.006 0.06 0.006 0.00 0.000 0.00 0.00 −0.23 −79.3
Sex
Female 0.04 0.001 0.04 0.003 0.00 0.00 0.00 0.00 0.01 0.001 0.01 0.001 0.00 0.000 0.00 0.001 −0.03 −75.0
Male 0.03 0.001 0.02 0.002 0.01 0.001 0.00 0.00 0.02 0.001 0.00 0.00 0.02 0.001 0.00 0.00 −0.01 −33.3
Total 0.02 0.001 0.03 0.002 0.00 0.00 0.00 0.00 0.02 0.001 0.01 0.001 0.01 0.001 0.00 0.00 0.00 0.00
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria. SE=Standard error, DMFT=Decayed, missing, and filled 
permanent teeth
Table 9: Contribution of decayed (DT/DMFT), filled (FT/DMFT), and missing (MT/DMFT) teeth to the number of 
decayed, filled and missing teeth among children aged 2-12 years with at least one decayed, filled, or missing 














No SE No SE No SE No SE No SE No SE
Age (years)
5-9 2.16 0.12 0.48 0.06 0.00 0.00 0.00 0.00 0.88 0.08 0.22 0.04
10-12 11.43 1.01 0.00 0.00 0.00 0.00 5.56 0.58 0.00 0.00 0.00 0.00
Sex
Female 1.97 0.13 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.00 0.40 0.07
Male 1.79 0.13 0.60 0.07 0.00 0.00 0.00 0.00 1.57 0.14 0.00 0.00
Total 1.88 0.09 0.30 0.04 0.00 0.00 0.52 0.06 0.79 0.07 0.20 0.03
All estimates were adjusted by age to the 2006 Census population for Lagos state, Nigeria, SE=Standard error, DMFT=Decayed, missing, and filled 
permanent teeth
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to be quite low in this study going by the percentage of 
untreated decay reported. The DMFT% index on the other 
hand, has been described as being a better index for use for 
comparison, as it corrects for certain variables such as may 
result from differences in the total number of total teeth 
present in different mouths which may impact on the DMFT 
index calculation.[17] The focus of this study was to assess for 
caries prevalence and changes in caries prevalence over a 
time period. The Restorative Index will therefore not have 
been beneficial for data interpretation for this study. While 
the DMFT% would have been indeed beneficial, none of 
the comparative study used this index and thus would have 
made it difficult to compare the findings of this study with 
that of other studies.
Conclusion
This study showed no changes in caries severity but a 
decrease in caries prevalence in the permanent dentition 
over the study period. However, there was an increase 
in the prevalence and severity of caries in the primary 
dentition of school children in Lagos State over the same 
period. Prevalence of untreated tooth decay is highest 
in the age group of 5‑9 years. The observed increase in 
primary dentition caries severity was worse in females. 
Caries prevention programs in the study location should 
be strategically targeted at controlling caries in the primary 
dentition without losing the gains made with the control of 
dental caries in the permanent dentition.
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